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Abstract
We perform the complete computation of the contributions to b → s + γ,
b → se+e−, b → s∑ νiν¯i in supersymmetric model with bilinear R-parity
violation. We compare our calculations with the evaluations in SM and
the experimental results. We find that the supersymmetric contributions
can be quite large in those processes. From the analysis and experimental
results, we can get some constraints on the mass spectrum in the model.
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1
I. INTRODUCTION
It is being increasingly realized by those engaged in the search for the supersymmetry
(SUSY) [1] that the principle of R-parity conservation, assumed to be sacrosanct in the
prevalent search strategies, is not inviolable in practice. The R-parity of a particle is defined
as R = (−1)L+3B+2S , and can be violated if either baryon (B) or lepton (L) number is
not conserved in nature, a fact perfectly compatible with the non observation of proton
decay. Under R-parity violation the phenomenology changes considerably [2,3], the most
important consequence is that the lightest supersymmetric particle (LSP) can decay now.
However, the way in which R-parity can be violated is not unique. Different types of R-parity
violating interaction terms can be written down, leading to different observable predictions.
In addition, R-parity can be violated spontaneously, instead of explicitly, whence another
class of interesting effects are expected [4]. If the phenomenology of R-parity breaking has
to be understood, and the consequent modifications in the current search strategies have to
be effectively implemented, then it is quite important to explore the full implication of each
possible R-breaking scheme.
The R-conserving part of the minimal supersymmetric standard model (MSSM) is spec-
ified by the superpotential
WMSSM = µεijHˆ1i Hˆ2j + εijlIJHˆ1i LˆIj RˆJ + εijdIJHˆ1i QˆIjDˆJ
+εijuIJHˆ
2
i Qˆ
I
j Uˆ
J , (1)
where I, J = 1, 2, 3 are generation indices; i, j = 1, 2 are SU(2) indices; and ε is a
completely antisymmetric 2 × 2 matrix, with ε12 = 1. The ”hat” symbol over each letter
indicates a superfield, QˆI , LˆI , Hˆ1, and Hˆ2 being SU(2) doublets with hyper-charges 1
3
, −1,
−1, and 1 respectively; Uˆ , Dˆ and Rˆ being SU(2) singlets with hyper-charges −4
3
, 2
3
and 2
respectively. The couplings uIJ , dIJ and lIJ are 3× 3 Yukawa matrices, and µ is parameter
with unit of mass. If now the bilinear R-parity violating interactions are incorporated, the
superpotential takes the form [5]
2
W =WMSSM +WL (2)
with WL = εijǫ′IHˆ2i LˆIj and ǫ′I is the parameter with unit of mass.
The soft SUSY-breaking terms:
Lsoft = −m2H1H1∗i H1i −m2H2H2∗i H2i −m2LI L˜I∗i L˜Ii
−m2RI R˜I∗R˜I −m2QI Q˜I∗i Q˜Ii −m2DI D˜I∗D˜I
−m2UI U˜ I∗U˜ I + (m1λBλB +m2λiAλiA
+m3λ
a
Gλ
a
G + h.c.) + (BµεijH
1
iH
2
j +BIǫ
′
IεijH
2
i L˜
I
j
+εijlsIµH
1
i L˜
I
j R˜
I + εijdsIµH
1
i Q˜
I
jD˜
I
+εijusIµH
2
i Q˜
I
j U˜
I + h.c.) (3)
where m2H1 , m
2
H2 , m
2
LI , m
2
RI , m
2
QI , m
2
DI and m
2
UI stand for the mass squared of the scalar
fields while m1, m2, m3 denote the masses of the SU(3)×SU(2)×U(1) gauginos λaG, λiA and
λB, B and BI (I = 1, 2, 3) are free parameters with unit of mass.
WL and lepton-number breaking terms in Lsoft give a viable agent for R-parity breaking.
It is particularly interesting for the fact that it can trigger a mixing between neutralinos and
neutrinos as well as between charginos and charged leptons, resulting in observable effects.
For ǫ′3 can reach a large value (such as |ǫ′3| ∼ 500GeV) even though we have considered
the experimental fact that mτ = 1.77GeV and mντ ≤ 24MeV [5], the mixing between
charginos and charged leptons may give an important contribution to the rare B decays
such as b→ s+ γ, b→ se+e−, b→ s∑ νiν¯i.
On the other hand, flavor-changing neutral current (FCNC) processes have constantly
played a major role in the development of electroweak theories. FCNC studies have found
kaon physics as their best research ground so far. However, the achievements in B-physics
make B-mesons the new challenging frontier in the study of FCNC phenomena. At least
some of the rare B-processes which are induced by the FCNC transitions b → s and b→ d
are within the reach of present machines. Needless to say, the test of such rare B-processes
presents a probe of the validity of crucial ingredients of the Standard Model (SM) and,
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possibly of the existence of new physics beyond the SM at the low energy scale.
b → s + γ and b → se+e− in the SM are analyzed in Ref [6,7]. The SM prediction for
the branching ratio (Br) of the inclusive decay b → s + γ, once the large QCD corrections
are included [6], is a few times 10−4. As for the semileptonic b → se+e− decay, the QCD-
corrected SM prediction for its Br is about 10−6 [7].
FCNC rare B-processes have been widely analyzed as a potential probe for extensions
of the SM implying new physics at the TeV scale. In the model with Two Higgs Doublets
(THDM) and no tree level FCNC, the rare B decays and Bd − B¯d mixing are computed in
Ref [8, 9]. As for left-right symmetric models, the simplest choice of taking the CKM mixing
angles in the right-handed sector equal to the corresponding left-handed ones (manifest or
pseudo-manifest left-right symmetry) does not give any appreciable effects with respect to
the SM estimates of rare B-processes [10]. Analogous results are obtained in the general
case if no fine tunings of the parameters are allowed [11].
FCNC in the supersymmetry with R-parity has been discussed widely in Ref [12], Ref
[13–15], FCNC in supersymmetry without R-parity has been discussed in Ref [16], the review
of FCNC in the supersymmetric models can be found in Ref [17].
This paper is organized as follows. In sect. II, we give a description of the general
structure of the supersymmetry with bilinear R-parity violation (BRPV). In sect. III, we
provide the complete analyses to b → s + γ, b → se+e−, b → s∑ νiν¯i in supersymmetric
model with bilinear R-parity violation. In sect. IV, we perform a numerical analysis of those
processes and compare them with the SM predictions and the experimental results. For
completeness, we give the analytic expression for Feynman integrals which one encounters
in the evaluation of the amplitudes listed in sect. III in appendix. A. A systematic notation
for the relevant Feynman rules involving R-parity breaking terms are introduced in appendix.
B. In appendix. C, we give the mass matrix of τ neutrino-neutralinos. For simplicity, we
neglect the generation mixing of slepton and squark in the following analyses.
4
II. MINIMAL SUSY MODEL WITH BILINEAR R-PARITY VIOLATION
From the superpotential Eq. (2), we can perform an operation that is the same as in the
standard model by redefinition of the fields [24]
QˆIi → V IJQi QˆJi ,
Uˆ I → V IJU UˆJ ,
DˆI → V IJD DˆJ ,
LˆIi → V IJLi LˆJi ,
RˆI → V IJR RˆJ . (4)
One can diagonalize the matrices lIJ , uIJ and dIJ , the superpotential has the form
W = µεijHˆ1i Hˆ2j + lIεijHˆ1i LˆIj RˆI − uI(Hˆ21CJI∗QˆJ2
−Hˆ22 QˆI1)Uˆ I − dI(Hˆ11 QˆI2 − Hˆ12CIJQˆJ1 )DˆI
+ǫIεijHˆ
2
i Lˆ
I
j , (5)
where C is the Kobayashi-Maskawa matrix and ǫI (I = 1, 2, 3) have the definition as:
C = V †Q2VQ1,
ǫI = ǫ
′
JV
JI
L . (6)
The soft breaking sector has the form
Lsoft = −m2H1H1∗i H1i −m2H2H2∗i H2i −m2LI L˜I∗i L˜Ii −m2RI R˜I∗R˜I
−m2QI Q˜I∗i Q˜Ii −m2DID˜I∗D˜I −m2UI U˜ I∗U˜ I + (m1λBλB
+m2λ
i
Aλ
i
A +m3λ
a
Gλ
a
G + h.c.) + {BµεijH1iH2j +BIǫIεijH2i L˜Ij
+εijlsIµH
1
i L˜
I
j R˜
I + dsIµ(−H11 Q˜I2 + CIKH12 Q˜K1 )D˜I
+usIµ(−CKI∗H21 Q˜I2 +H22 Q˜I1)U˜ I + h.c.}. (7)
For simplicity we take from now on ǫ1 = ǫ2 = 0, in this way, that only τ -lepton number is
violated. The electroweak symmetry is broken when the two Higgs doublets H1, H2 and the
τ -slepton acquire vacuum expectation values (VEVs)
5
H1 =


1√
2
(χ01 + υ1 + iϕ
0
1)
H12

 (8)
H2 =


H21
1√
2
(χ02 + υ2 + iϕ
0
2)

 (9)
L˜3 =


1√
2
(χ03 + υ3 + iϕ
0
3)
τ˜−L

 (10)
Note that the gauge bosons W and Z0 acquire masses given by m
2
W =
1
4
g2υ2 and m2Z =
1
4
(g2 + g′2)υ2, where υ2 = υ21 + υ
2
2 + υ
2
3 and g, g
′ are coupling constants of SU(2) and U(1).
We introduce the following notation in spherical coordinates [3]
υ1 = υ cos θυ cos β,
υ2 = υ sin β,
υ3 = υ sin θυ cos β. (11)
When the angle θυ equals to zero, this sector will change back to the MSSM limit exactly.
The massless neutral Goldstone boson can be written as:
G0 = cos θυ cos βϕ
0
1 − sin βϕ02 + sin θυ cos βϕ03. (12)
In the model with bilinear R-parity violation, the charged Higgs bosons mix with the left
and right handed τ -slepton. In the original basis, where Φc = (H
1∗
2 , H
2
1 , τ˜
∗
L, τ˜R), the scalar
potential contains the following mass term
LCm = −Φ†cM2cΦc (13)
with the symmetric matrix M2c is given by (here the matrix is too big to be written in full
so we write it by each element individually)
6
M2c1,1 =
g2
4
(υ22 − υ23) +
1
2
υ23l
2
3 + ǫ3µ
υ3
υ1
+Bµ
υ2
υ1
,
M2c1,2 =
g2
4
υ1υ2 +Bµ,
M2c1,3 =
g2
4
υ1υ3 − ǫ3µ− 1
2
l3υ1υ3,
M2c1,4 = l3ǫ3
υ2√
2
+ ls3
µυ3√
2
,
M2c2,2 =
g2
4
(υ21 + υ
2
3)−B3ǫ3
υ3
υ2
+Bµ
υ1
υ2
,
M2c2,3 =
g2
4
υ2υ3 −B3ǫ3,
M2c2,4 =
l3√
2
µυ3 +
l3√
2
ǫ3υ1,
M2c3,3 =
g2
4
(υ22 − υ21) + ǫ3
µυ1
υ3
− B3 ǫ3υ2
υ3
+
l23
2
υ21,
M2c3,4 =
1√
2
l3µυ2 − 1√
2
ls3µυ1,
M2c4,4 = −
g′2
4
(υ21 − υ22 + υ23) +
1
2
l23(υ
2
1 + υ
2
3) +m
2
R3 . (14)
This matrix has an eigenstate:
G+ =
4∑
i=1
Z1,iH Φ
i
c
=
1
υ
(υ1H
1∗
2 − υ2H21 + υ3τ˜ ∗L)
= cos θυ cos βH
1∗
2 − sin βH21 + sin θυ cos βτ˜ ∗L (15)
with zero eigenvalue, it is the massless charged Goldstone boson. In the physical (unitary)
gauge, G± are absorbed byW± bosons and disappear from the Lagrangian. The other three
eigenstates H+, τ˜1, τ˜2 can be expressed as:
H+ =
4∑
i=1
Z2,iH Φ
i
c,
τ˜1 =
4∑
i=1
Z3,iH Φ
i
c,
τ˜2 =
4∑
i=1
Z4,iH Φ
i
c. (16)
Similarly to the Higgs bosons, charginos mix with τ lepton forming a set of three charged
7
fermions τ, κ˜−2 , κ˜
−
3 [13,19]. In the original basis where ψ
+T = (−iλ+, H˜12 , τ+R ) and ψ−T =
(−iλ−, H˜21 , τ−L ), the charged fermion mass terms in the Lagrangian are
Lm = −ψ−TMfψ+ + h.c. (17)
with the mass matrix is given by [13,19]:
Mf =


2m2
eυ2√
2sW
0
eυ1√
2sW
µ l3υ3√
2
eυ3√
2sW
ǫ3
l3υ1√
2


(18)
where SW = sin θW and λ
± = λ
1
A
∓iλ2
A√
2
. Also the two mixing matrices Z+ and Z− appear in
the Lagrangian, they are defined by the condition that the product (Z+)TMfZ− should be
diagonal
(Z+)TMfZ− =


mκ˜−
1
0 0
0 mκ˜−
2
0
0 0 mκ˜−
3


(19)
Here, we assume mκ˜−
1
= mτ and mκ˜−
3
> mκ˜−
2
> mκ˜−
1
.
III. COMPLETE ANALYSIS OF THE RARE B-PROCESSES IN SUSY MODEL
WITH BILINEAR R-PARITY VIOLATION
Because we neglect the generation mixing of sleptons and squarks, there are no the
couplings such as κ¯0iγµPL,Rq
I
uU˜
J
1,2 (I 6= J), κ¯0i γµPL,RqIdD˜J1,2 (I 6= J), κ¯0i γµPL,ReIE˜J1,2 (I 6=
J), λ¯aGγµPL,Rq
I
uU˜
J
1,2 (I 6= J) and λ¯aGγµPL,RqIdD˜J1,2 (I 6= J) where I, J = 1, 2, 3 are the
generational indices and κ01, κ
0
2, κ
0
3, κ
0
4, λ
a
G represent the neutralinos and gluinos. Under
this assumption, the contribution of gluino and neutralino is zero when we compute the rare
processes such as b→ s+ γ, b→ s+ e+e− and b→ s+∑ νiν¯i at one loop level.
In this section, we will use the effective Hamiltonian theory to discuss those processes.
The method of the effective Hamiltonian theory was first used by Ref [18] and has been
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developed over the last years [25] [26]. It is a two step program, starting with an operator
product expansion (OPE) and performing a renormalization group equation (RGE) analysis
afterwards. The derivation starts as follows: if the kinematics of the decay are of the kind
that the masses of the internal particles mi are much larger than the external momentum
p: m2i ≫ p2, then the heavy particles can be integrated out. This concept takes a concrete
form with the functional integral formalism. It means that the heavy particles are removed
as dynamical degrees of freedom from the theory, hence their fields do not appear in the
(effective) Lagrangian anymore. Their residual effect lies in the generated effective vertices.
In this way an effective low energy theory can be constructed from the full theory. In the
framework of the standard model, strong interactions are known to give sizable contributions
to FCNC processes, the inclusion of the QCD corrections increases the electroweak rate by
about a factor two for b → sγ process, and enhances the rate about 30% for b → se+e−
transition [27]. Now, let us derive the effective Lagrangian for b→ sγ, b→ se−e+ and b→
s
∑
νiν¯i first (at the MW scale), then we analyze the renormalization group equation (RGE)
in the leading logarithmic approximation (LLA), i.e. to sum up the terms [αs ln(
MW
µ
)]n to
all orders n (n=0, 1, · · ·, ∞) in perturbation theory.
A. The bs¯Z, bs¯γ couplings and box diagrams in SUSY model with bilinear R-parity
violation
We follow the method that was used in Ref [18]. In the ′t Hooft Feynman gauge, the
one-loop diagrams for the induced bs¯Z coupling are shown in Fig. 1. The diagrams Fig.
1(a), Fig. 1(b) and Fig. 1(c) represent the SM contribution of the b→ s transition. In each
group, the first two diagrams (except for Fig. 1(c)) are self-energy part. Since the weak
current is not conserved, we only need to expect a non-vanishing zeroth-order contribution
in the momentum q (q denotes the momentum transfer through the Z-boson). The induced
bs¯Z coupling takes the form:
Γ
(i)
Zµ = s¯γµPLbΓ
(i) (20)
9
where i = a, b, c, d, e and PL,R =
1∓γ5
2
. The Γi can be written as (at the MW scale):
Γ(a) =
e3
(4π)2 sin3 θW cos θW
C∗tsCtb{(
1
2
− 1
3
sin2 θW )[2f
(0)
2 (xtw)−
4f
(1)
3b (xtw)]− (
1
4
− 1
3
sin2 θW )f
(1)
3b (xtw)−
2
3
sin2 θWxtwf
(0)
3b (xtw) +
3
2
cos2 θW f
(1)
3a (xtw)}, (21)
Γ(b) =
e3
(4π)2 sin3 θW cos θW
C∗tsCtb{(
1
2
− 1
3
sin2 θW )
xtw
2
[f
(0)
2 (xtw)− 2f (1)3b (xtw)] +
xtw
2
[(
1
2
− 2
3
sin2 θW )xtwf
(0)
3b (xtw) +
1
3
sin2 θW f
(1)
3b (xtw)] +
xtw
8
(cos2 θW − sin2 θW )f (1)3a (xtw)}, (22)
Γ(c) =
e3
(4π)2 sin3 θW cos θW
C∗tsCtb
√
2 sin2 θWxtwf
(0)
3a (xtw), (23)
Γ(d) =
e3
(4π)2 sin3 θW cos θW
C∗tsCtb{(
1
2
− 1
3
sin2 θW )
xtw
2 sin2 θv sin
2 β
4∑
i=2
Z2iHZ
2i∗
H [f
(0)
2 (xtsi)−
2f
(1)
3b (xtsi)] +
xtw
2 sin2 θv sin
2 β
4∑
i=2
Z2iHZ
2i∗
H [(
1
2
− 2
3
sin2 θW )xtsif
(0)
3b (xtsi) +
1
3
sin2 θW f
(0)
3b (xtsi)]−
xtw
8 sin θv sin β
4∑
i=2
4∑
j=2
Z2iHZ
2j∗
H [(cos
2 θW −
sin2 θW )δij − Z4iHZ4j∗H ]f (1)3c (xtsi , xsjsi)}, (24)
Γ(e) =
e3
(4π)2 sin3 θW cos θW
C∗tsCtb{
2∑
i=1
3∑
j=1
|(−Z1i∗
Q˜3
Z+1j +
Z2i∗
Q˜3
Z+2j√
2MW sin θv sin β
)|2(1
2
−
1
3
sin2 θW )[f
(0)
2 (xκ˜−j t˜i
)− 2f (1)3b (xκ˜−j t˜i)] +
2∑
i,l=1
3∑
j=1
(−Z1i∗
Q˜3
Z+1j +
mtZ
2i∗
Q˜3
Z+2j√
2MW sin θv sin β
)
(−Z1l
Q˜3
Z+∗1j +
mtZ
2l
Q˜3
Z+∗2j√
2MW sin θv sin β
)(−1
4
Z1l∗
Q˜3
Z1i
Q˜3
− 1
3
sin2 θW δil)f
(0)
3c (xκ˜−j t˜i
, xt˜l t˜i) +
3∑
i,j=1
2∑
l=1
1
2
(−Z1lQ˜3Z+∗1j +
mtZ
2l
Q˜3
Z+∗2j√
2MW sin θv sin β
)(−Z1l∗Q˜3Z+1j +
mtZ
2l∗
Q˜3
Z+2j√
2MW sin θv sin β
)
[(Z−1jZ
−∗
1i + 2δij cos 2θW )
1
2
f
(1)
3c (xκ˜−
i
t˜l
, xκ˜−
j
t˜l
) + xκ˜−
i
t˜l
xκ˜−
j
t˜l
(Z+∗1j Z
+
1i
+2δij cos 2θW )f
(0)
3c (xκ˜−i t˜l
, xκ˜−j t˜l
)]}, (25)
where si=1,2,3,4 = (G
−, H−, τ˜1, τ˜2) and xαβ =
m2α
m2
β
. ZQ˜3 is the top-squark mixing matrix, its
definition can be found in appendix. B.
Notice that the ultraviolet divergences cancel separately for each of those equation. In
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obtaining the form shown, the unitary property of ZH , ZQ˜3, Z
+ and Z− has been used,
together with the unitarity of the Kobayashi-Maskawa matrix.
The computation of the photon exchanged contribution is somewhat more involved and
requires the calculation of the induced bs¯γ coupling up to second order in the external
momentum. The diagrams need to be computed are those of Fig. 1 with Z being replaced
by γ. The induced bs¯γ coupling takes the form (at the MW scale):
Γ(i)γµ = s¯[F
(i)
1 (q
2γµ − qµ/q)PL + F (i)2 /qγµ(msPL +mbPR)]b (26)
where i = a, b, c, d, e and
F
(a)
1 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
1
M2W
{1
9
f
(2)
5d (xtw)−
2
3
f
(1)
4c (xtw) +
1
2
f
(0)
3a (xtw) +
1
2
f
(1)
4b (xtw)−
3
2
f
(1)
4a (xtw) +
4
3
f
(2)
5a (xtw)−
1
3
f
(2)
5b (xtw)}, (27)
F
(a)
2 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
1
M2W
{2
3
f
(0)
3b (xtw)− f (1)4c (xtw) +
1
3
f
(2)
5d (xtw) +
1
2
f
(0)
3a (xtw)−
3
2
f
(1)
4b (xtw)−
1
4
f
(1)
4a (xtw) +
1
3
f
(2)
5c (xtw) +
1
3
f
(2)
5b (xtw) +
2
9
[
ln xtw
xtw − 1
+ ln
m2c
M2W
+ f(
q2
m2b
)]}, (28)
F
(b)
1 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
1
M2W
{−xtw
18
f
(2)
5d (xtw)−
xtw
12
f
(2)
5c (xtw) +
xtw
12
f
(2)
5b (xtw)}, (29)
F
(b)
2 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
1
M2W
{xtw
2
f
(1)
4c (xtw)−
xtw
6
f
(2)
5d (xtw) +
3xtw
8
f
(1)
4b (xtw)−
1
6
f
(2)
5c (xtw)−
1
12
f
(2)
5b (xtw)}, (30)
F
(c)
1 = −
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
xtw
M2W
f
(2)
5a (xtw), (31)
F
(c)
2 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
1
4M2W
f
(1)
4a (xtw), (32)
F
(d)
1 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
4∑
i=2
Z2iHZ
2i∗
H
6M2W sin
2 θW sin
2 β
{−1
3
f
(2)
5d (xtsi)−
11
12
f
(2)
5c (xtsi) +
1
2
f
(2)
5b (xtsi)}, (33)
F
(d)
2 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
4∑
i=2
{ xtsi
6M2W sin
2 θW
[(
Z2iHZ
2i∗
H
sin2 β
+ 2
Z1i∗H Z
2i
H
sin β cos β
)f
(1)
4c (xtsi)−
Z2iHZ
2i∗
H
sin2 β
f
(2)
5d (xtsi)] +
xtsi
2M2W sin
2 θv
[
Z2iHZ
2i∗
H
4 sin2 β
f
(1)
4b (xtsi) +
Z1i∗H Z
2i
H
2 sinβ cos β
f
(1)
4b (xtsi)−
Z2iHZ
2i∗
H
3 sin2 β
f
(2)
5c (xtsi)−
Z2iHZ
2i∗
H
6 sin2 β
f
(2)
5b (xtsi)]}, (34)
F
(e)
1 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
∑
i=1,2
3∑
j=1
1
m2
t˜i
|Z1i
Q˜3
Z+∗1,j −
mtZ
2i
Q˜3
Z+∗2j√
2MW sin θv sin β
|2{2
9
f
(2)
5a (xκ˜−j t˜i
) +
1
6
f
(2)
5d (xκ˜−j t˜i
)}, (35)
F
(e)
2 =
1
(4π)2
e3
sin2 θW
CtbC
∗
ts
∑
i=1,2
3∑
j=1
1
m2
t˜i
{|Z1i
Q˜3
Z+∗1,j −
mtZ
2i
Q˜3
Z+∗2j√
2MW sin θv sin β
|2[−1
2
f
(1)
4c (xκ˜−j t˜i
) +
1
2
f
(2)
5d (xκ˜−j t˜i
)− 2
3
f
(1)
4b (xκ˜−j t˜i
) +
2
9
f
(2)
5c (x
−
κ˜j t˜i
)−
1
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f
(2)
5b (xκ˜−j t˜i
)]− 1
2
(Z1iQ˜3Z
+∗
1j +
mtZ
2i
Q˜3
Z+∗2j√
2MW sin θv sin β
)
Z1i∗
Q˜3
Z−∗2j mκ˜j√
2MW sin θv cos β
[f
(1)
4c (xκ˜−j t˜i
) +
2
3
f
(1)
4b (xκ˜−j t˜i
)]}. (36)
The function f(s) is defined as
f(s) = −2
3
− z
s
+


2(1 + z
2s
)
√
z
s
− 1 tan−1[
√
z
s
− 1]−1, if s < z,
(1 + z
2s
)
√
1− z
s
[ln
1+
√
1−z/s
1−
√
1−z/s − iπ], if s > z
(37)
where z = 4m
2
c
m2
b
and f(0) = 1. The other functions are given in appendix. A.
The box-diagrams that contribute to the b → se+e− are shown in Fig. 2. The effective
Lagrangian takes the form (at the MW scale):
Aboxi (s¯γ
µPLb)(e¯γµPLe) (38)
with
Aboxa =
1
(4π)2
e4
4 sin4 θW
C∗tsCtb
1
M2W
f
(1)
4d (xtw, 0), (39)
Aboxb =
1
(4π)2
e4
4 sin4 θW
C∗tsCtb
3∑
i,j=1
2∑
l=1
1
m2
t˜l
Z+∗1j Z
+
1i(−Z1l∗Q˜3Z+1j +
mtZ
2l∗
Q˜3
Z+2i√
2MW sin θv sin β
)
12
(−Z1l
Q˜3
Z+∗1j +
mtZ
2l
Q˜3
Z+∗2i√
2MW sin θv sin β
)f
(1)
4e (xκ˜−
j
t˜l
, xκ˜−
i
t˜l
, xν˜et˜l). (40)
As for b → sνeν¯e, it is analogous with the case of b → se+e−. The box diagrams that
contribute to the b→ sνeν¯e are given in Fig. 3. The effective Lagrangian takes the form (at
the MW scale):
Bboxi (s¯γ
µPLb)(ν¯eγµPLνe) (41)
with
Bboxa =
1
(4π)2
e4
4 sin4 θW
C∗tsCtb
1
M2W
f
(1)
4d (xeW , xtw), (42)
Bboxb =
1
(4π)2
e4
4 sin4 θW
C∗tsCtb
1
m2
t˜l
∑
h=1,2
3∑
i,j
∑
l=1,2
Z1hE˜1Z
1h∗
E˜1 Z
−
1iZ
−∗
1j
| − Z1l∗Q˜3Z+1i +
mtZ
2l∗
Q˜3
Z+2i√
2MW sin θv sin β
|2f (1)4e (xκ˜−i t˜l , xκ˜−j t˜l , xe˜−h t˜l) (43)
where ZE˜I is the mixing matrix of slepton (I=1, 2 is the index of generation), its definition
can be found in appendix. B.
B. The width of b→ s+ γ in SUSY model with bilinear R-parity violation
The total amplitude of the decay b→ s+ γ can therefore be written as:
Aγtot(b→ s+ γ) = F2OγLR (44)
with F2 is the sum of Eq. (28), Eq. (30), Eq. (32), Eq. (34), Eq. (36). Where OγLR =
mbǫµs¯/qγ
µPRb and the contribution of OγRL = msǫµs¯/qγµPLb is neglected since it is order of
O(m
2
s
m2
b
).
By denoting the total amplitude at a scale µ as F2(µ), the QCD- corrected amplitude at
the scale of the process (∼ mb) is then given by [15]
F2(mb) = η
− 16
23{F2(MW ) + F 02 [
116
135
(η
10
23 − 1) + 58
189
(η
28
23 − 1)]}, (45)
where
13
η = αs(mb)/αs(MW ) ≈ 1.8,
F 02 =
1
(4π)2
e3
2 sin3 θW
CtbC
∗
ts
1
M2W
. (46)
The property C∗csCcb ≈ −C∗tsCtb for the 3× 3 CKM matrix has been used in the previous
equation. The inclusive width for b→ s+ γ decay is finally given by
Γ(b→ s+ γ) = m
5
b
16π
|F2(mb)|2 (47)
Where we have neglected the phase-space factor of order O(m
2
s
m2
b
). We calculate the corre-
sponding branching ratio as in Ref [19] by making use of the semileptonic decay b → ceν¯,
one gets:
Br(b→ s+ γ) = Γ(b→ s + γ)
Γ(b→ ceν¯) Br(b→ ceν¯) (48)
where for Br(b → ceν¯) we use the averaged experimental value 0.11 [20]. The QCD-
corrected width for the semileptonic decay b→ ceν¯ is [21]
Γ(b→ ceν¯) = G
2
Fm
5
b
192π3
ρ(
mc
mb
, 0, 0)|Cbc|2{1− 2αs(mb)
3π
f(
mc
mb
, 0, 0)} (49)
where the phase-space factor ρ is 0.447 and f(mc
mb
, 0, 0) = 2.41, GF is the Fermi constant.
C. The width of b→ se+e− in SUSY model with bilinear R-parity violation
This decay has been often considered the benchmark of charmless b-decays with strange
particles in the final state. We will provide below the amplitude for b → se+e− including
QCD effects. In what follows, the same conventions as in the previous decay have been
adopted.
We begin by considering the diagrams which induce the effective flavor-changing coupling
of the photon to quarks (photon penguins). They are given by the diagrams shown in Fig. 1
with a lepton line attached to the photon propagator. We consider separately the monopole
(LL) and dipole (LR) form factor, which are related to different effective operators.
(i)Photon penguins (LL component, at the MW scale)
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Aγ,LLtot (b→ se+e−) = eF1OLLV
≡ F γ1OLLV (50)
where OLLV = (s¯γµPLb)(e¯γµe) and F1 is the sum of Eq. (27), Eq. (29), Eq. (31), Eq. (33),
Eq. (35).
(ii)Photon penguins (LR component, at the MW scale)
Aγ,LRtot (b→ se+e−) = eF2OLRV
≡ F γ2OLRV (51)
with F2 is the sum of Eq. (28), Eq. (30), Eq. (32), Eq. (34), Eq. (36) and the operator OLRV
is defined as:
OLRV ≡ mb 1
q2
(s¯/qγµPRb)(e¯γµe)
(iii)Z0- penguins. The process b → se+e− is also induced by the effective FC coupling of
the Z0 to quarks. The total amplitude coming from the Z0 -penguins can be expressed as
(at the MW scale)
AZtot(b→ se+e−) =
e
M2Z sin θW cos θW
ΓZ(−1
2
OLLL + sin2 θWOLLV )
≡ AZ(−1
2
OLLL + sin2 θWOLLV ) (52)
where the new operator OLLL is given as
OLLL = (s¯γµPLb)(e¯γµPLe)
and ΓZ =
∑
Γ
(i)
Z is the sum of Eq. (21), Eq. (22),Eq. (23), Eq. (24) and Eq. (25).
(iv)Box diagrams. The relevant contributions are given in Eq. (39), Eq. (40).
In order to implement the QCD corrections, let us rewrite the total amplitude at the
MW scale as:
A(b→se+e−)tot (MW ) = ALLV (MW )OLLV + ALRV (MW )OLRV + ALLL(MW )OLLL (53)
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with
ALLV (MW ) = F
γ
1 + sin
2 θWA
Z ,
ALRV (MW ) = F
γ
2 ,
ALLL(MW ) = −AZ/2 + (Aboxa + Aboxb ). (54)
Renormalization at the mb-scale leads to [22]
ALLV (mb) = A
γ
LLV (MW ) + sin
2 θWA
Z(MW ) + A
′
0
4π
αs(MW )
{ 8
87
[1− η− 2923 ]
− 4
33
[1− η− 1123 ]} − 4
9
A′0[ln(
m2c
m2b
) + f(s)][2η−
6
23 −
η
12
23 ], (55)
ALRV (mb) = η
− 16
23{AlRV (MW ) + A′0[
116
135
(η
10
23 − 1) + 58
189
(η
28
23 − 1)]}, (56)
ALLL(mb) = ALLL(MW ), (57)
where A′0 = F
0
2
√
4πα and η, F 02 have been defined in Eq. (46) .
The differential decay rate is then given by [15]:
dΓ
ds
=
m5b
1536π3
4(1− s2){(1
2
+ s)[|ALLV + ALLL|2 + |ALLV |2]
+(1 +
2
s
)|ALRV |2 − 3Re[(2ALLV + ALLL)A∗LRV ]} (58)
where s = q
2
m2
b
.
D. The width of b→ s∑ νiν¯i in SUSY model with bilinear R-parity violation
The transition b→ s∑ νiν¯i is induced by Z0-penguins and box diagrams, which, at the
leading order, lead to the same effective operator. The peculiarity of this process is that it
is not affected by the QCD renormalization. This is simply understood by noticing that the
current (s¯γµPLb) is conserved in the limit of vanishing quark masses. Conserved currents
have canonical dimensions and no divergent counterterms arise. This ultraviolet behavior is
not spoiled by consideration of finite quark masses [15].
16
The original electroweak sensitivity to the top mass is therefore preserved. On the other
hand, the experimental search for this rare B- transition is understandably much harder
than for the previous semileptonic decay.
For the e-neutrino and µ-neutrino, we obtain the following result
Atot(b→ sνiν¯i(i = e, µ)) = AνOνLLL, (59)
where Aν = AZ + Bboxa + B
box
b with A
Z = e
sin θW cos θW
ΓZ and B
box
a,b is given in Eq. (42) and
Eq. (43). The decay rate for the e, µ-neutrino is then given by
Γ(b→ sνiν¯i(i = e, µ)) = m
5
b
1536π3
|AνLLL|2. (60)
As for the τ -neutrino, the case is complicated because the τ -neutrino mixed with the
neutralinos under our assumption. The interaction between the Z0 boson and τ -neutrino
can be written as:
LZ0−ν¯τ−ντint = −
e
2 sin θW cos θW
Zµν¯τγ
µPLντ{|Z3,1N |2 − |Z4,1N |2 + |Z5,1N |2}, (61)
where ZN is the mixing matrix of τ -neutrino and neutralinos, its definition can be found in
the appendix. C. For the τ -neutrino, we have
Atot(b→ sντ ν¯τ ) = FmixAνOνLLL (62)
with
Fmix = |Z3,1N |2 − |Z4,1N |2 + |Z5,1N |2. (63)
The decay rate for the τ -neutrino is given as:
Γ(b→ sντ ν¯τ ) = m
5
b
1536π3
F 2mix|AνLLL|2, (64)
here we neglect the mass of τ -neutrino. We may now sum over all three types neutrino
species:
Γ(b→ s∑ νiν¯i) = m
5
b
1536π3
(2 + F 2mix)|AνLLL|2. (65)
As we shall see in the next section this leads to a rate for b → s∑ νiν¯i which is about four
times larger than the rate for b→ se+e−.
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IV. NUMERICAL RESULTS
In this section, we will compute the branch ratio of the processes that have been analyzed
in sect. III. In the numerical evaluation below, we take α = e
2
4pi
≈ 1
128.8
, αs(MW ) ≈ 0.118,
me ≈ 0.511MeV, mτ ≈ 1.777GeV, MZ ≈ 91.187GeV,MW ≈ 80.330GeV, mt ≈ 174.GeV,
mc ≈ 1.3GeV and mb ≈ 4.3GeV.
In order to find out the allowed region in the parameter space, one has to take a number
of constraint into account. First, we note that m1, m2, ǫ3, µ, tanβ, tan θυ and l3 are
the parameters that enter into the chargino and neutralino mass matrices. The strongest
constraint on them follows from the fact that the τ mass has been experimentally measured
[20], therefore, for any combination of those parameters, the lowest eigenvalue of Eq. (18)
should agree with mτ . Also, ντ has a laboratory upper limit of 24MeV on its mass. The
two restrictions, together with the positive-definite condition of the mass squared matrices,
constrain the parameter space in a severe manner.
We open our discussion by considering the experimental results of rare B processes impact
on the mass spectrum in the model. At present, the experimental bound on the b → sγ,
b → sl+l− are 2 × 10−4 ≤ Br(b → s + γ) ≤ 4.5 × 10−4 [20] and Br(b → se+e−)CLEO ≤
5.7 × 10−5 [23] respectively. Not having the generality lost, we assume ls3 = l3 in the
numerical calculation and the value of l3 can be determined from Det|m2τ −M†fMf | = 0
when the relevant parameters are given. Furthermore, we interest the constraint on the
mass spectrum that is imposed by the experimental results of rare B processes, so we take
the range of the parameters as:
−500GeV ≤ B,B3 ≤ 500GeV,
104GeV2 ≤ m2RI , m2QI , m2UI , m2DI ≤ 4× 106GeV2,
100GeV ≤ m1, m2 ≤ 1000GeV,
−1000GeV ≤ µ ≤ 1000GeV. (66)
In the numerical program, the other parameters such as tanβ, tan θυ etc. are given in the
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figure caption. In Fig. 4, we plot the lightest charged Higgs mass versus ǫ3 (in GeV). Under
the bound of rare B processes, we find the value of MH+ can vary from 100GeV to about
800GeV when the parameters vary. Fig. 5 shows the lightest chargino mass varies with the
parameter ǫ3, with other parameters taken as above. The point we should note is that mκ˜+
2
should be heavy when the tan θυ taken large value (such as tan θυ ∼ 20). When the tan θυ
taken small value, the mass of κ˜+2 can vary from 30GeV to several hundreds GeV.
Now, we turn to discuss the branch ratios of rare B processes. From Eq. (14), we find
the parameters B, B3 enter the mass matrix of charged Higgs (just as in the mass matrices
of CP-odd Higgs and CP-even Higgs) in forms Bµ and B3ǫ3. Because we are interest in
relatively light charginos and scalar particles, we take
−100GeV ≤ B ≤ 100GeV,
−100GeV ≤ B3 ≤ 100GeV,
104GeV2 ≤ m2RI , m2QI , m2UI , m2DI ≤ 2.5× 105GeV2,
100GeV ≤ m1, m2 ≤ 500GeV,
−500GeV ≤ µ ≤ 500GeV. (67)
In Fig. 6 we plot the branching ratio of b → s + γ as a function ǫ3 under some different
value of tan β and tan θυ. The dependence on the remnant SUSY parameter such as µ,
m1, m2 is represented by the vertical width of the band. We see that positive interference
with the different sources of SUSY contributions can produce an intensive enhancement
over the QCD- corrected SM prediction (horizontal solid line) when those parameters are
assigned suitable values. Sometimes, the supersymmetric contributions dominate over the
SM contributions resulting in significant deviation from the SM prediction.
Let us discuss the semileptonic FCNC decay b→ s+ e+e− and b→ s∑ νiν¯i numerically.
In the SM, the QCD-corrected Br(b → s + e+e−) is about 9 × 10−6. The addition of the
one-loop contributions where SUSY particles are present modify the prediction up to about
four times the SM prediction as it can be gathered from Fig. 7. The CLEO collaboration
has already been searched for inclusive b→ sl+l−(l = e, µ). The results are [23]:
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Br(b→ se+e−)CLEO ≤ 5.7× 10−5,
Br(b→ sµ+µ−)CLEO ≤ 5.8× 10−5.
(68)
By comparing the numerical result with experiment, we find that we can not excluded the
large value of ǫ3. Analogous considerations hold for b → s∑ νiν¯i (Fig. 8). The R-breaking
terms can have an appreciable effect for the b→ s∑ νiν¯i. This is the main difference between
the BRPV model and the usual SUSY model with R-parity.
In summary, as a simple extension of the MSSM which introduce R-parity violation, the
R-breaking terms in BRPV model can give an appreciable effect for the rare B-processes.
From the present experimental bound on those processes, we can get some constraint on the
mass spectrum in this model under some suitable assumptions.
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APPENDIX A: THE DEFINTION OF VARIOUS FUNCTIONS
We collect in this appendix the various functions that were used in the text. The one-
variable functions obtained from the penguin diagrams are given as:
f
(0)
2 (x) =
x
1− x ln x,
f
(0)
3a (x) = −
1
1− x{1 +
x
1− x lnx},
f
(0)
3b (x) =
1
1− x{1 +
1
1− x ln x},
f
(1)
3a (x) =
2 lnx
1− x + ln x−
ln x
(1− x)2 −
1
(1− x) ,
f
(1)
3b (x) =
2x ln x
1− x − ln x+
x2 ln x
(1− x)2 +
x
(1− x) ,
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f
(1)
4a (x) =
1
(x− 1)[
1
2
+
x
x− 1 −
x2
(x− 1)2 ln x],
f
(1)
4b (x) =
2
(x− 1)[
1
2
− x
x− 1 −
x
(x− 1)2 ln x],
f
(1)
4c (x) = −
1
(x− 1)[
1
2
− 1
x− 1 −
1
(x− 1)2 ln x],
f
(2)
5a (x) =
1
3(x− 1) +
x
2(x− 1)2 +
x2
(x− 1)3 −
x3
(x− 1)4 lnx,
f
(2)
5b (x) =
5
2(x− 1) −
3x
2(x− 1)2 +
3x2
(x− 1)3 −
3x2
(x− 1)4 ln x,
f
(2)
5c (x) = −
1
2(x− 1) +
3x
2(x− 1)2 +
3
(x− 1)3 −
3x
(x− 1)4 ln x,
f
(2)
5d (x) = −
1
3(x− 1) +
1
2(x− 1)2 −
1
(x− 1)3 +
1
(x− 1)4 ln x. (A1)
The two- and three-variable functions obtained from penguin and box diagrams are
f
(0)
3c (x, y) = −
1
x− y [
x
x− 1 ln x−
y
y − 1 ln y],
f
(1)
3c (x, y) = −
1
2(x− y)[
x2
x− 1 ln x−
y2
y − 1 ln y],
f
(1)
4d (x, y) =
1
x− y [
x2
(x− 1)2 ln x−
1
x− 1 − (x→ y)],
f
(1)
4e (x, y, z) =
1
x− y{
1
x− z [
x2
(x− 1) ln x−
3x
2
− (x→ z)]− (x→ y)}. (A2)
APPENDIX B: THE RELEVANT FEYNMAN RULES IN SUSY MODEL WITH
BILINEAR R-PARITY VIOLATION
In this appendix, we give some relevant Feynman rules in the supersymmetric model
with bilinear R-parity violation that were used in the paper.
It is first convenient to introduce the mixing matrices relative to the scalar-quark sector.
We denote with Q˜IL,R the squark current eigenstates (where I = 1, 2, 3 is the generation label
and Q = U , D), and with Q˜I1,2 the corresponding mass eigenstates of the I-th generation
(we neglect the generation-mixing of the scalar-quark and scalar-lepton). The 2× 2 mixing
matrices ZQ˜I are defined by
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Q˜IL = Z
1,i
Q˜I
Q˜Ii ,
Q˜IR = Z
2,i
Q˜I
Q˜Ii . (B1)
Similar, the 2× 2 mixing matrices ZE˜I are defined as
L˜I = Z1,i
E˜I
E˜Ii ,
R˜I∗ = Z2,i
E˜I
E˜Ii (B2)
with L˜I , R˜I are the slepton current eigenstates and E˜I1,2 are the corresponding mass eigen-
states. The Si, (Si=1,2,3,4 = G
−, H−, τ˜1, τ˜2) up quark and down quark couplings can be
written as (Fig. 9)
i[
emId√
2MW sin θW sin θv cos β
Z1iHPL +
emJu√
2MW sin θW sin θv sin β
Z2iHPR]CIJ . (B3)
The couplings of down quark, up scalar quark and chargino are given by (Fig. 10)
i[(
−e
sin θW
Z1i∗
U˜I
Z+1j +
emJu√
2MW sin θW sin θv sin β
Z2i∗
U˜I
Z+2j)PL +
emId√
2MW sin θW sin θv cos β
Z1i∗
U˜J
Z−2jPR]C
∗
IJ . (B4)
The couplings of up quark, down scalar quark and chargino are given by (Fig. 11)
i[(
−e
sin θW
Z1i
D˜I
Z+1j +
emId√
2MW sin θW sin θv cos β
Z2i
D˜I
Z−2j)PL +
emJu√
2MW sin θW sin θv sin β
Z1i
D˜I
Z+∗2j PR]C
∗
IJ . (B5)
The couplings of Z0 and Si are (Fig. 12)
i
e
2 sin θW cos θW
[(cos2 θW − sin2 θW )δij − Z4iHZ4j∗H ](p+ k)µ, (B6)
where Si = (G
−, H−, τ˜1, τ˜2), i = 1, 2, 3, 4. The matrices ZH , Z± have been defined as
above.
APPENDIX C: THE MIXING BETWEEN τ-NEUTRINO AND NEUTRALINOS
In this appendix, we give the mass matrix of τ -neutrino and neutralinos under our
assumption.
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From Eq. (5) and Eq. (7), the τ neutrino-neutralino mass terms in the Lagrangian are
Lneutralino = −1
2
(Ψ0)TMNΨ0 + h.c. (C1)
with (Ψ0)T = (−iλB, −iλ3A, ψ1H1 , ψ2H2 , ντL) and
MN =


2m1 0 −12g′υ1 12g′υ2 −12g′υ3
0 2m2
1
2
gυ1 −12gυ2 12gυ3
−1
2
g′υ1 12gυ1 0 −12µ 0
1
2
g′υ2 −12gυ2 −12µ 0 12ǫ3
−1
2
g′υ3 12gυ3 0
1
2
ǫ3 0


(C2)
The formulae of mixing matrix are:
− iλB = Z1,iN χ0i ,
−iλ3A = Z2,iN χ0i ,
ψ1H1 = Z
3,i
N χ
0
i ,
ψ2H2 = Z
4,i
N χ
0
i ,
ντL = Z
5,i
N χ
0
i (C3)
and
ντ =


χ01
χ¯01

 (C4)
κ0i =


χ0i+1
χ¯0i+1

 (C5)
with i = 1, 2, 3, 4. Here, we identify the ντ as the lightest mass eigenstate of the mass
matrix. The matrix ZN satisfies the following condition: Z
T
NMNZN = diag(mντ , mκ01 , mκ02,
mκ0
3
, mκ0
4
). Similar to the mixing matrices of τ -chargino sector, we can assume mντ , mκ0i
(i = 1, 2, 3, 4) positive and mκ0
4
> mκ0
3
> mκ0
2
> mκ0
1
> mντ .
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FIG. 1. The Feynman diagrams that contribute to bs¯γ and bs¯Z0 coupling
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FIG. 4. Considering the experimental results of b→ s+γ, b→ se+e−, MH+ vary with ǫ3 when
(a)tan θυ = 20, tan β = 2; (b)tan θυ = 20, tan β = 40; (c)tan θυ = 0.5, tan β = 2; (d)tan θυ = 0.5,
tan β = 40. The other parameters are given in Eq. (66).
30
110
100
1000
-400 -200 0 200 400
1
10
100
1000
-400 -200 0 200 400
1
10
100
1000
-400 -200 0 200 400
1
10
100
1000
-400 -200 0 200 400

3
(GeV)
(a)

3
(GeV)
(b)

3
(GeV)
(c)

3
(GeV)
(d)
M
~
+
2
(GeV)
M
~
+
2
(GeV)
FIG. 5. Considering the experimental results of b→ s+ γ, b→ se+e−, mκ+
2
vary with ǫ3 when
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tan β = 40. The other parameters are given in Eq. (66).
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FIG. 6. Impose the Eq. (67), the branching ration of b→ s+γ vary with ǫ3 at themb-scale when
(a)tan θυ = 20, tan β = 2; (b)tan θυ = 20, tan β = 40; (c)tan θυ = 0.5, tan β = 2; (d)tan θυ = 0.5,
tan β = 40. The solid-lines are the predictions of SM.
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FIG. 7. Impose the Eq. (67), the branching ration of b → s + e+e− vary with ǫ3 at the
mb-scale when (a)tan θυ = 20, tan β = 2; (b)tan θυ = 20, tan β = 40; (c)tan θυ = 0.5, tan β = 2;
(d)tan θυ = 0.5, tan β = 40. The solid-lines are the predictions of SM.
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FIG. 8. Impose the Eq. (67), the branching ration of b → s + ∑
i
νiν¯i vary with ǫ3 at the
mb-scale when (a)tan θυ = 20, tan β = 2; (b)tan θυ = 20, tan β = 40; (c)tan θυ = 0.5, tan β = 2;
(d)tan θυ = 0.5, tan β = 40. The solid-lines are the predictions of SM.
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